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W\SLFDOO\HTXDOWR«PLQDQGȕNN «
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GHQRWHV WKH VSOLWWLQJ UDWH WREHDSSOLHGGXULQJ >N7 N7@7KH IHHGEDFN UHJXODWRUDWWHPSWV WRNHHS WKH WUDYHO
WLPHGLIIHUHQFHǻĲNRQWKHWZRDOWHUQDWLYHURXWHVFORVHWR]HURZKHUHǻĲN ĲVN±ĲSNZLWKĲVNĲSNEHLQJ
WKHHVWLPDWHGUHDFWLYH WUDYHO WLPHV WKURXJK WKH VHFRQGDU\DQGSULPDU\URXWH UHVSHFWLYHO\6LQFH LQ WKLVVWXG\
RQO\WZRDOWHUQDWLYHURXWHVDUHFRQVLGHUHG WKHSHUFHQWDJHRIYHKLFOHVWKDWVKRXOGIROORZWKHVHFRQGDU\URXWHLV
VLPSO\íȕ ,Q WKLVSDSHUGXH WRVSDFH OLPLWDWLRQVRQO\ WKH3,VWUDWHJ\ LVSUHVHQWHGZKLFKFDOFXODWHVDWHDFK
FRQWUROLQWHUYDONWKHVSOLWWLQJUDWHDVIROORZV
> @         S Lȕ N ȕ N . ǻĲ N ǻĲ N . ǻĲ N            
ZKHUH.SDQG.LDUHWKHUHJXODWRUSDUDPHWHUV7KHFDOFXODWHGVSOLWWLQJUDWHȕLVWUXQFDWHGLILWH[FHHGVWKHUDQJH
>@
'\QDPLFURXWHJXLGDQFHEDVHGRQRIIUDPSTXHXHOHQJWKHVWLPDWLRQ
7KLV SROLF\ PDNHV XVH RI UHDOWLPH HVWLPDWLRQV RI WKH TXHXH OHQJWK RQ WKH RIIUDPS RI LQWHUHVW DQG PD\
FDOFXODWHWKHVSOLWWLQJUDWHȕWRZDUGVWKHSULPDU\URXWHE\DYDULHW\RIIHHGEDFNFRQWUROVWUDWHJLHVHJWKHEDQJ
EDQJRU3,VWUDWHJLHVZKLFKDWWHPSWWRPDLQWDLQWKHHVWLPDWHGTXHXHOHQJWKRQWKHSULPDU\RIIUDPSZFORVHWRD
SUHVSHFLILHG VHWSRLQW $V IRU WKH SUHYLRXV SROLF\ WKH VSOLWWLQJ UDWH WRZDUGV WKH VHFRQGDU\ URXWH LV VLPSO\
FDOFXODWHGDVíȕ$JDLQGXHWRVSDFHOLPLWDWLRQVRQO\WKH3,FRQWUROOHULVFRQVLGHUHGLQWKLVSDSHUZKHUHE\WKH
VSOLWWLQJ UDWH ȕ WRZDUGV WKH SULPDU\ URXWH LV FDOFXODWHG DW HDFK FRQWURO LQWHUYDO N DFFRUGLQJ WR WKH IROORZLQJ
HTXDWLRQ
> @ Ö         S Lȕ N ȕ N . Z N Z N . Z Z N      ª º¬ ¼       
ZKHUH ÖZ LVWKHGHVLUHGVHWSRLQWIRUWKHTXHXHOHQJWKRQWKHSULPDU\RIIUDPS$OVRKHUHWKHFDOFXODWHGVSOLWWLQJ
UDWHȕ LV WUXQFDWHG LI LW H[FHHGV WKH UDQJH > @$VPHQWLRQHG DERYH WKH 3,VWUDWHJ\ LQFOXGHV WZR SDUDPHWHU
YDOXHVWREHVSHFLILHG.SDQG.LDQGQHHGVDUHDOWLPHHVWLPDWLRQRIWKHRIIUDPSTXHXHOHQJWKZKLFKFDOOVIRU
DSSURSULDWHO\SODFHGGHWHFWRUVDFFRUGLQJWR9LJRVHWDO
7KHUH DUH VHYHUDO ZD\V IRU LPSOHPHQWLQJ WKH GHVLUHG VSOLWWLQJ UDWHV ȕN LQ SUDFWLFH 7R VWDUW ZLWK LI WKH
VSOLWWLQJUDWHȕNLVRQO\WDNLQJWKHYDOXHVDQGDVLQWKHFDVHRIEDQJEDQJFRQWUROOHUVWKHQWKH906PD\
H[SOLFLWO\ SURSRVH WKH FRUUHVSRQGLQJ GLUHFWLRQ WR WKH GULYHUV LH LQIRUPLQJ WKHP DERXW WKH SULPDU\ RIIUDPS
FORVXUH 2Q WKH RWKHU KDQG LI WKH VSOLWWLQJ UDWH ȕN FDQ WDNH DQ\ YDOXH ZLWKLQ WKH UDQJH >@ DV LQ WKH 3,
FRQWUROOHUVSUHVHQWHGDERYH WKHQDSXOVHPRGXODWLRQ WHFKQLTXHPD\EHXVHGZKHUHE\ WKH906SURSRVHV WKH
PDLQ URXWH IRUDGXUDWLRQȕN7RI WKHFRUUHVSRQGLQJSHULRGDQG WKHDOWHUQDWLYH URXWH IRU WKH UHVWGXUDWLRQ >
ȕN@ȉ0RUHRYHULIDFRPPXQLFDWLRQV\VWHPZLWKWKHYHKLFOHVLVLQSODFHWKHQLWLVSRVVLEOHWRVSOLWWKHYHKLFOHV
DW ZLOO YLD FRUUHVSRQGLQJ LQGLYLGXDOPHVVDJHV $ SRUWLRQ RI GULYHUVPD\ QRW FRPSO\ZLWK WKH UHFHLYHG URXWH
UHFRPPHQGDWLRQV DQG WKLV ZLOO UHGXFH WKH UHDO VSOLWWLQJ UDWH DFFRUGLQJO\ +RZHYHU IHHGEDFNEDVHG URXWH
JXLGDQFHV\VWHPVFDQFRSHZLWKUHGXFHGFRPSOLDQFHUDWHVIRUDEURDGUDQJHRIFDVHVDVGHPRQVWUDWHGODWHU
'\QDPLFURXWHGLYHUVLRQWKURXJKWHPSRUDU\RIIUDPSFORVXUHV
7KLV SROLF\ GHFLGHV LQ UHDO WLPH RQ WHPSRUDU\ RIIUDPS FORVXUH ZKHQ QHHGHG VSHFLILFDOO\ ZKHQHYHU WKH
HVWLPDWHGTXHXH OHQJWKRQWKHSULPDU\RIIUDPSZH[FHHGVDSUHVSHFLILHGYDOXH ÖZ 3UDFWLFDOSRVVLELOLWLHV IRU
FORVLQJ WKH RIIUDPS LQFOXGH PRYLQJ SK\VLFDO EDUULHUV RU 906 LQGLFDWLRQ VXIILFLHQWO\ HQIRUFHG SODFHG
DSSURSULDWHO\7RIDFLOLWDWHWKHLQWHQGHGURXWHGLYHUVLRQD906PXVWDOVREHSODFHGXSVWUHDPRIWKHDOWHUQDWLYH
RIIUDPSH[LWHJXSVWUHDPRI1LQ)LJWRDOHUWWKHFRQFHUQHGGULYHUVDERXWWKHVDWXUDWHGRIIUDPSFORVXUH
1RWH WKDW WKH DFWXDO RIIUDPS FORVXUH VKRXOG EH HIIHFWXDWHGZLWK D WLPHGHOD\ VR WKDW FRQFHUQHG GULYHUV ZKR
SDVVHGWKH906EHIRUHWKHFORVXUHDQQRXQFHPHQWFDQVWLOOH[LWYLDWKHVDWXUDWHGRIIUDPSWKLVWLPHGHOD\VKRXOG
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EHDSSDUHQWO\LQWKHRUGHURIWKHWUDYHOWLPHEHWZHHQERWKRIIUDPSV$VLPLODUWLPHGHOD\PD\DOVREHDSSOLHG
ZKLOHUHRSHQLQJWKHRIIUDPS
:KHQHYHUD UDPSFORVXUH LV GHFLGHGDQGDQQRXQFHG WKHFRQFHUQHGGULYHUV RUD ODUJHSRUWLRQRI WKHPDUH
IRUFHGWRGLYHUWYLDWKHDOWHUQDWLYHURXWHDQGWKLVFRUUHVSRQGVWRDVSOLWWLQJUDWHȕWRZDUGVWKHSULPDU\URXWHHTXDO
WR ]HUR7KXV WKH LPSDFW RI WKLV DFWLRQ LV UHIOHFWHGYLD D EDQJEDQJ IHHGEDFN VWUDWHJ\ZKLFKGHFLGHV DW HDFK
FRQWUROLQWHUYDONDERXWWKHRIIUDPSRSHQLQJRUFORVXUHWKXVGHWHUPLQLQJWKHVSOLWWLQJUDWHȕDVIROORZV
Ö    
LI Z N Zȕ N RWKHUZLVH
­ ®¯          
([FHSWIRULWVVLPSOLFLW\QRSDUDPHWHUVWREHVSHFLILHGWKHSRWHQWLDOILHOGLPSOHPHQWDWLRQRIWKHEDQJEDQJ
VWUDWHJ\RQO\UHTXLUHVRQHGHWHFWRUDSSURSULDWHO\SODFHGRQWKHRIIUDPSRILQWHUHVWWRUHIOHFWWKHYDOXHRIWKHVHW
SRLQW ÖZ 
7HVW1HWZRUN
$K\SRWKHWLFDOEXWTXLWHW\SLFDOURDGQHWZRUN)LJXUHLVFRQVLGHUHGWRWHVWDQGGHPRQVWUDWHWKHSURSRVHG
FRQFHSWV DQG UHJXODWRU DFWLRQ 7KH QHWZRUN LV PRGHOHG E\ XVH RI WKH PDFURVFRSLF WUDIILF IORZ VLPXODWRU
0(7$1(70HVVPHU	3DSDJHRUJLRXZKLFKZDVUHFHQWO\YDOLGDWHGIRUDFRQJHVWHGPRWRUZD\RIIUDPS
DUHD VHH 6SLOLRSRXORX HW DO  ,Q0(7$1(7 D WUDIILF QHWZRUN LV UHSUHVHQWHG WKURXJK QRGHV DQG OLQNV
ZKHUHHDFKQRGHUHSUHVHQWVDELIXUFDWLRQRUDMXQFWLRQRUDQ\FKDQJHRIWKHQHWZRUNJHRPHWU\ZKHUHDVWKHURDG
VWUHWFKHV EHWZHHQ WKHVH ORFDWLRQV DUH UHSUHVHQWHG E\ OLQNV0RUHRYHU DW WKH ERXQGV RI WKH QHWZRUN RULJLQ RU
GHVWLQDWLRQ OLQNV DUH LQWURGXFHG WKURXJK ZKLFK WUDIILF IORZ PD\ HQWHU RU H[LW UHVSHFWLYHO\ WKH VLPXODWHG
QHWZRUN,QWKLVVWXG\WKHK\SRWKHWLFDOWHVWQHWZRUNLQFOXGHVQRGHV11DQGOLQNV//DVVKRZQLQ
)LJXUH0RUH VSHFLILFDOO\ WKHQHWZRUN LQFOXGHV D ODQH DQGNP ORQJPRWRUZD\ VWUHWFK // WZRRII
UDPSV//RIODQHDQGNPOHQJWKDQGDQODQHDQGNPORQJDGMDFHQWVXUIDFHVWUHHW/0RUHRYHU
WKH WUDIILF IORZHQWHUV WKHVLPXODWHGQHWZRUN WKURXJK WZRRULJLQ OLQNV22DQGH[LWV WKHQHWZRUNIURPIRXU
GHVWLQDWLRQV''
)LJXUH D SUHVHQWV WKH WUDIILF GHPDQG DW WKH QHWZRUN¶V RULJLQV DQG )LJXUH E VKRZV IRU HDFK RULJLQ WKH
SHUFHQWDJHRIIORZWKDWH[LWVIURPHDFKGHVWLQDWLRQ0RUHRYHULWLVFRQVLGHUHGWKDWWKHPD[LPXPH[LWIORZIURP
WKHRIIUDPS/LVIL[HGWRYHKKIRUWKHZKROHVLPXODWLRQKRUL]RQHJGXHWRDWUDIILFOLJKWSODFHGDWWKHRII
UDPS¶VH[LW6LQFHWKHDSSHDUDQFHDQGWLPLQJRIH[FHVVLYHTXHXHVLQWKHRIIUDPS/PD\EHVWRFKDVWLFIURPGD\
WRGD\LWLVDVVXPHGWKDWDOOPRWRUZD\GULYHUVERXQGIRUGHVWLQDWLRQV'RU'DUHXVLQJWKLVRIIUDPSXQOHVV
RWKHUZLVH LQIRUPHG8QGHU WKHVHFRQGLWLRQVDTXHXH LV IRUPHGRQ WKHRIIUDPS/GXULQJ WKHSHDNKRXUV 
DPZKLFKHYHQWXDOO\VSLOOVEDFNLQWRWKHPDLQVWUHDPPRWRUZD\FUHDWLQJFRQJHVWLRQWKDWPRXQWVXSVWUHDPIRU
VHYHUDONLORPHWHUV7KLVVLPSOHWUDIILFVFHQDULRHQDEOHVXVWRWHVWGLIIHUHQWURXWHGLYHUVLRQSROLFLHVZKLFKDLPWR
HLWKHUJXLGHWKHGULYHUVWKURXJKDOWHUQDWLYHURXWHVGXULQJWKHUXVKKRXUVRUDSSO\WHPSRUDU\RIIUDPSFORVXUHVLQ

)LJ7HVWQHWZRUN   )LJD7UDIILFGHPDQGDWRULJLQVERULJLQGHVWLQDWLRQUDWHV
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RUGHUWRSUHYHQWWKHIRUPDWLRQRIPRWRUZD\PDLQVWUHDPFRQJHVWLRQ,QWKHFXUUHQWLQYHVWLJDWLRQV LW LVDVVXPHG
WKDWWKHRIIUDPS/DVZHOODVOLQN/PD\DFFRPPRGDWHWKHGLYHUWHGWUDIILFIORZZLWKRXWPDMRUSUREOHPV
6LPXODWLRQ,QYHVWLJDWLRQV
$VGHVFULEHGLQ6HFWLRQWKLVVWXG\SURSRVHVWZRDOWHUQDWLYHSROLFLHVWKDWDURXWHGLYHUVLRQV\VWHPPD\XVHLQ
RUGHU WR GLYHUW YHKLFOHV WKURXJK DOWHUQDWLYH EXW WLPHORQJHU URXWHV DQG DYRLG PDLQVWUHDP FRQJHVWLRQ ,Q
SDUWLFXODU LW LV ILUVW VKRZQ WKDW IRU WKH WHVWQHWZRUNFRQVLGHUHG WKHXVHURSWLPDOFRQGLWLRQVDUHDFKLHYHGRQO\
DIWHU WKH RIIUDPS TXHXH VSLOOV EDFN WR WKHPDLQVWUHDP WKXV D URXWH JXLGDQFH SROLF\ WKDW SURSRVHV DOWHUQDWLYH
URXWHVEDVHGRQVKRUWHUWUDYHOWLPHVZLOOUHVXOWLQPDLQVWUHDPFRQJHVWLRQ7KHQWKHWZRSURSRVHGURXWHGLYHUVLRQ
SROLFLHVDUHWHVWHGDQGDUHFRPSDUHGWRWKHFDVHZKHUHQRURXWHGLYHUVLRQLVDSSOLHG
1R5RXWH'LYHUVLRQ
)RU WKH QR URXWH GLYHUVLRQ FDVH DOO PRWRUZD\ GULYHUV ZLVKLQJ WR UHDFK GHVWLQDWLRQV ' RU ' H[LW WKH
PRWRUZD\ IURP WKH RIIUDPS / ZKLFK EHORQJV WR WKH GLVWDQFHVKRUWHU URXWH )LJXUH  VKRZV IRU HDFK
PDLQVWUHDPPRWRUZD\ OLQN WKH HPXODWHG IORZ DQG VSHHGPHDVXUHPHQWV RYHU WKH VLPXODWLRQ WLPH DW VHYHUDO
ORFDWLRQVZLWKLQHDFKOLQN)RUH[DPSOHDWWKHOLQN/ZKLFKLVNPORQJWKHUHDUHPHDVXUHPHQWSRLQWVDW
NPFORVHWRWKHOLQNHQWUDQFHDQGDWNPFORVHWRWKHOLQNH[LW,WLVREVHUYHGWKDWDURXQGDPWKH
IORZLQWKHPDLQVWUHDPOLQN/GURSVDEUXSWO\ZKLOHDWWKHVDPHWLPHWKHUHLVDOVRDVWHHSVSHHGGURSRFFXUULQJ
ZKLFKSURSDJDWHVXSVWUHDPWROLQN/ZLWKRXWUHDFKLQJWKHXSVWUHDPHQGRIWKHPRWRUZD\VWUHWFK0DLQVWUHDP
FRQJHVWLRQ ODVWV XS WR DURXQG  DP DIWHU ZKLFK LW LV GLVVROYHG GXH WR ORZHU WUDIILF GHPDQG HQWHULQJ WKH
QHWZRUNIURP2VHH)LJXUH
)LJXUHDGLVSOD\VWKHTXHXHOHQJWKRQWKHRIIUDPS/RYHUWLPHDQGFRQILUPVWKDWDTXHXHLVIRUPHGDURXQG
 DPZKLFK LQFUHDVHV JUDGXDOO\ DQG HYHQWXDOO\ UHDFKHV DW DURXQG  DP WKHPD[LPXPYHKLFOH VWRUDJH
FDSDFLW\ RI WKH RIIUDPS ZKLFK LV DURXQG  YHK $IWHU WKLV WLPH WKH RIIUDPS TXHXH VSLOOV EDFN LQWR WKH
PDLQVWUHDP FUHDWLQJ FRQJHVWLRQ ,W LV DOVR REVHUYHG WKDW DURXQG  DP WKH TXHXH OHQJWK VWDUWV WR GHFUHDVH
ZKLFKKDVDSURPSWSRVLWLYHLPSDFWRQWKHPDLQVWUHDPWUDIILFFRQGLWLRQVVHH)LJXUH)LJXUHEGLVSOD\VWKH
WUDYHO WLPHGLIIHUHQFHǻĲRI WKH WZRDOWHUQDWLYH URXWHV DV GHILQHG LQ6HFWLRQRYHU VLPXODWLRQ WLPH%RWK WKH
H[SHULHQFHGDQGUHDFWLYHWUDYHOWLPHGLIIHUHQFHDUHGLVSOD\HGZKLFKDUHDFWXDOO\YHU\VLPLODUGXULQJWKHZKROH
VLPXODWLRQWLPH,QSDUWLFXODU)LJXUHEVKRZVWKDWDWWKHEHJLQQLQJRIWKHVLPXODWLRQWKHSULPDU\URXWHLVWKH
WLPHVKRUWHUURXWHXSXQWLODP1RWHWKDWDWWKLVWLPHWKHRIIUDPSTXHXHKDVDOUHDG\FUHDWHGDPDLQVWUHDP
FRQJHVWLRQ$IWHUDPWKHVHFRQGDU\URXWHEHFRPHVWKHWLPHVKRUWHUGXHWRWKHLQFUHDVLQJFRQJHVWLRQRQWKH
PRWRUZD\ PDLQVWUHDP DQG ILQDOO\ WKH VLWXDWLRQ FKDQJHV DJDLQ DW DURXQG  DP ZKHQ WKH PDLQVWUHDP
FRQJHVWLRQVWDUWVWRGLVVROYHDQGWKHSULPDU\URXWHEHFRPHVDJDLQWKHWLPHVKRUWHUURXWH
7DEOHSUHVHQWVWKHQHWZRUNSHUIRUPDQFHLQWHUPVRI7RWDO7LPH6SHQW776LQWKHQHWZRUNLQYHKÂKDQG
7RWDO'LVEHQHILW7'LQYHKÂKZKLFKUHIOHFWVWKHWRWDOH[FHVVYHKLFOHKRXUVVSHQWRQWLPHORQJHUURXWHV7KHVH
YDOXHVZLOOEHFRPSDUHGWRWKHFDVHVZKHUHURXWHGLYHUVLRQSROLFLHVDUHDSSOLHG
7DEOH3HUIRUPDQFH&ULWHULD
5RXWH'LYHUVLRQ3ROLF\ 776YHKÂK 7'YHKÂK
1R5RXWH'LYHUVLRQ  
'\QDPLF5RXWH*XLGDQFH%DVHG2Q5HDFWLYH7UDYHO7LPH(VWLPDWLRQ  
'\QDPLF5RXWH*XLGDQFH%DVHG2Q2II5DPS4XHXH(VWLPDWLRQ  
'\QDPLF5RXWH'LYHUVLRQ7KURXJK7HPSRUDU\2II5DPS&ORVXUHV  
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'\QDPLF5RXWH*XLGDQFH%DVHG2Q5HDFWLYH7UDYHO7LPH(VWLPDWLRQ
$FFRUGLQJWRWKLVSROLF\WKHURXWHJXLGDQFHV\VWHPFDOFXODWHVWKHVSOLWWLQJUDWHVE\XVHRIDIHHGEDFNFRQWURO
VWUDWHJ\ZKLFKDWWHPSWVWRNHHSWKHUHDFWLYHWUDYHOWLPHGLIIHUHQFHǻĲNRQWKHWZRDOWHUQDWLYHURXWHVFORVHWR
]HUR7KLVPHDQV WKDW WKHXWLOL]HGVWUDWHJ\GHFLGHVRQUHURXWLQJRQO\ LI WKHVHFRQGDU\URXWH LVFRPSHWLWLYH7KH
UHSRUWHGDSSOLFDWLRQUHVXOWVDUHREWDLQHGZLWKWKH3,VWUDWHJ\DFRQWURO LQWHUYDORIPLQDQGSDUDPHWHUYDOXHV
.S  DQG.L :KLOH WKH VWUDWHJ\ PDQDJHV WR PDLQWDLQǻĲN FORVH WR ]HUR DV LQGLFDWHG LQ )LJXUH E E\
FDOFXODWLQJ DSSURSULDWH VSOLWWLQJ UDWHV WRZDUGV WKH SULPDU\ URXWH )LJXUH F WKH RIIUDPS TXHXH H[FHHGV WKH
PD[LPXPVWRUDJHFDSDFLW\VHH)LJXUHDOHDGLQJWRPDLQVWUHDPFRQJHVWLRQZKLFKLVWKRXJKUHVWULFWHGWROLQN
/ FRPSDUH )LJXUHV  DQG  7DEOH  VKRZV WKDW WKLV SROLF\ DFKLHYHV  UHGXFWLRQ RI 776 DQG 
LPSURYHPHQWRI7'FRPSDUHGWRWKHQRURXWHGLYHUVLRQFDVH,WVKRXOGEHQRWHGWKDWGLIIHUHQWFRQWURO LQWHUYDOV
PD\EHDSSOLHGDOEHLWZLWKDFFRUGLQJO\PRGLILHGUHJXODWRUSDUDPHWHUVOHDGLQJWRVLPLODUUHVXOWV
'\QDPLF5RXWH*XLGDQFH%DVHG2Q2II5DPS4XHXH(VWLPDWLRQ
$FFRUGLQJWRWKLVSROLF\WKHURXWHJXLGDQFHV\VWHPFDOFXODWHVWKHVSOLWWLQJUDWHVE\XVHRIDIHHGEDFNFRQWURO
VWUDWHJ\ZKLFKDLPVWRNHHSWKHSULPDU\RIIUDPSTXHXHOHQJWKDWDSUHVSHFLILHGOHYHOVXFKWKDWFRQJHVWLRQGRHV
QRW VSLOO EDFN WR WKH PDLQVWUHDP 'XH WR WKH QHWZRUN DQG WUDIILF FKDUDFWHULVWLFV FRQVLGHUHG LQ WKH FXUUHQW
LQYHVWLJDWLRQVWKLVSROLF\PD\DFWXDOO\GLYHUWWKHYHKLFOHVWRWLPHORQJHUURXWHVLQRUGHUWRSUHYHQWWKHIRUPDWLRQ
RIPDLQVWUHDPFRQJHVWLRQ6LQFHWKHGULYHUVDUHIUHHWRLJQRUHWKHURXWHLQGLFDWLRQVWKLVSROLF\PD\EHDSSOLHGLQ
WKHILHOGLIWKHGULYHUVFRPSOLDQFHLVH[SHFWHGWREHDWUHDVRQDEOHOHYHOVHJEHFDXVHWKHWUDYHOWLPHGLIIHUHQFH
EHWZHHQWKHDOWHUQDWLYHURXWHVLVPLQRU


)LJ)ORZDQGVSHHGPHDVXUHPHQWVRYHUVLPXODWLRQWLPH

)LJ1RURXWHGLYHUVLRQDTXHXHOHQJWKDWOLQN /DQGEWUDYHOWLPHGLIIHUHQFHRYHUWLPH
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,QWKHIROORZLQJWKHDSSOLFDWLRQUHVXOWVDUHSUHVHQWHGLQFDVHD3,IHHGEDFNVWUDWHJ\LVHPSOR\HGZLWKDFRQWURO
LQWHUYDO HTXDO WR PLQ DQGSDUDPHWHU YDOXHV.S  DQG.L )LJXUHD UHIOHFWV WKHRSHUDWLRQRI WKH3,
VWUDWHJ\ZKLFKPDQDJHVWRPDLQWDLQWKHTXHXHOHQJWKDWWKHRIIUDPS/FORVHWRWKHVHWSRLQWYDOXH Ö Z  YHK
E\FDOFXODWLQJDSSURSULDWHVSOLWWLQJUDWHVWRZDUGVWKHSULPDU\URXWH)LJXUHF)LJXUHEVKRZVWKDWWKHGULYHUV
WKDWDUHUHURXWHGWKURXJKWKHVHFRQGDU\URXWHH[SHULHQFHORQJHUWUDYHOWLPHDFWXDOO\VRPHPLQORQJHUWKDQWKH
SULPDU\ URXWH 6LPLODU UHVXOWV FDQ EH REWDLQHG IRU GLIIHUHQW FRQWURO LQWHUYDOV DQG YDULRXV VHWSRLQW YDOXHV
SURYLGHGWKHTXHXHRQWKHRIIUDPSGRHVQRWDIIHFWWKHPRWRUZD\PDLQVWUHDP7DEOHLQFOXGHVWKHSHUIRUPDQFH
LQGLFHVIRUWKHTXHXHFRQWUROVWUDWHJ\ZKLFKDFKLHYHVUHGXFWLRQRIWKH776DQGLPSURYHPHQWRI7'
FRPSDUHGWRWKHQRURXWHGLYHUVLRQFDVH
$TXHVWLRQWKDWPD\DULVHLVKRZWKHFRPSOLDQFHUDWH&5RIWKHGULYHUVWRWKHURXWLQJLQVWUXFWLRQVPD\DIIHFW
WKH FRQWUROOHU¶V RSHUDWLRQ 7R DGGUHVV WKLV LVVXH )LJXUH  UHIOHFWV WKH RSHUDWLRQ RI WKH TXHXH FRQWURO VWUDWHJ\
FRQVLGHULQJYDULRXVFRPSOLDQFHUDWHV)LJXUHDSUHVHQWVWKHRIIUDPSTXHXHOHQJWKRQ WKHRIIUDPS/)LJXUH
EGLVSOD\VWKHVSOLWWLQJUDWHVȕFDOFXODWHGE\WKHFRQWUROVWUDWHJ\DQG)LJXUHFVKRZVWKHVSOLWWLQJUDWHWKDWLV
DFWXDOO\ LPSOHPHQWHG DFFRUGLQJ WR WKH OHYHO RI WKH GULYHUV¶ FRPSOLDQFH RYHU WKH VLPXODWLRQ WLPH 1RWH WKDW
FRPSOLDQFHUDWHHTXDOWRFRUUHVSRQGVWRWKHUHVXOWVSUHVHQWHGDERYH,WLVREVHUYHGWKDWWKDQNVWRLWVIHHGEDFN
FKDUDFWHU WKH FRQWURO VWUDWHJ\ VXFFHHGV LQPDLQWDLQLQJ WKH RIIUDPS TXHXH OHQJWK FORVH WR WKH VHWSRLQW YDOXH
)LJXUHDE\DXWRPDWLFDOO\DGDSWLQJLWVGHFLVLRQVWRWKHXQNQRZQFRPSOLDQFHRIWKHGULYHUV
'\QDPLF5RXWH'LYHUVLRQ7KURXJK7HPSRUDU\2II5DPS&ORVXUHV
7KLVSROLF\FRQVLGHUVWKDWWKHGULYHUVZLOOQRWEHHDJHUWRIROORZDWLPHORQJHUURXWHLQRUGHUWREHQHILWWKHUHVW
PRWRUZD\ XVHUV WKXV D PDQGDWRU\ DFWLRQ LH WKH RIIUDPS FORVXUH PXVW EH DSSOLHG )RU WKLV SXUSRVH WKH


)LJ3,VWUDWHJ\IRUURXWHJXLGDQFHIORZDQGVSHHGPHDVXUHPHQWVRYHUVLPXODWLRQWLPH
 
)LJ3,VWUDWHJ\IRUURXWHJXLGDQFHDTXHXHOHQJWKDWOLQN/EWUDYHOWLPHGLIIHUHQFHDQGFFDOFXODWHGVSOLWWLQJUDWHVRYHUWLPH
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IHHGEDFNEDQJEDQJVWUDWHJ\ LVHPSOR\HGZLWKDFRQWURO LQWHUYDOHTXDO WRPLQ)LJXUHVDDQGFSUHVHQW WKH
RSHUDWLRQRIWKHEDQJEDQJVWUDWHJ\ZKLFKGHFLGHVIRUWKHSULPDU\URXWHRIIUDPSFORVXUHZKHQHYHUWKHRIIUDPS
TXHXHH[FHHGV WKHGHVLUHGVHWSRLQWYDOXH Ö Z  YHK)LJXUHE LQGLFDWHV WKDW WKHVHFRQGDU\URXWH LV WKH WLPH
ORQJHUURXWHIRUWKHZKROHVLPXODWLRQKRUL]RQ,WVKRXOGEHQRWHGWKDWVLPLODUUHVXOWVFDQEHREWDLQHGIRUGLIIHUHQW
FRQWUROLQWHUYDOVDQGYDULRXVVHWSRLQWYDOXHVSURYLGHGWKHTXHXHRQWKHRIIUDPSGRHVQRWDIIHFWWKHPRWRUZD\
PDLQVWUHDP7DEOHLQFOXGHVWKHSHUIRUPDQFHLQGLFHVIRUWKHEDQJEDQJVWUDWHJ\ZKLFKDFKLHYHVUHGXFWLRQ
RIWKH776DQGLPSURYHPHQWRI WKHYHKLFOHKRXUVZDVWHGRQWLPHORQJHUURXWHVFRPSDUHGWRWKHQRURXWH
GLYHUVLRQFDVH
&RQFOXVLRQV
7KLVSDSHUSURSRVHV WZR URXWHGLYHUVLRQSROLFLHV LQRUGHU WRDYRLG UHFXUUHQWPRWRUZD\ FRQJHVWLRQZKLFK LV
WULJJHUHGE\DVDWXUDWHGRIIUDPS7KHSURSRVHGSROLFLHVDWWHPSWWRUHURXWHWKHGULYHUVZKRZRXOGW\SLFDOO\H[LW
IURPWKHVDWXUDWHGRIIUDPSWKURXJKDOWHUQDWLYHURXWHVLQRUGHUWRDYRLGWKHRIIUDPSVSLOORYHUDQGWKHUHVXOWLQJ
PDLQVWUHDPFRQJHVWLRQ,WLVVKRZQWKDWERWKSURSRVHGSROLFLHVVXFFHHGLQPDLQWDLQLQJWKHRIIUDPSTXHXHOHQJWK
ZLWKLQ WKH RIIUDPS ERXQGV WKXV LPSURYLQJ WKH WUDIILF FRQGLWLRQV RQ WKHPRWRUZD\PDLQVWUHDP VXEVWDQWLDOO\
FRPSDUHGWRWKHFDVHWKDWQRURXWHGLYHUVLRQLVDSSOLHGWRWKHQHWZRUN
 
)LJ3,VWUDWHJ\IRUTXHXHFRQWURODTXHXHOHQJWKDWOLQN/EWUDYHOWLPHGLIIHUHQFHDQGFFDOFXODWHGVSOLWWLQJUDWHVRYHUWLPH
 
)LJ&RPSOLDQFHUDWHLQYHVWLJDWLRQDTXHXHOHQJWKDWOLQN/EFDOFXODWHGVSOLWWLQJUDWHVDQGFUHDOVSOLWWLQJUDWHVRYHUWLPH
   
)LJ%DQJEDQJVWUDWHJ\DTXHXHOHQJWKDWOLQN/EWUDYHOWLPHGLIIHUHQFHDQGFFDOFXODWHGVSOLWWLQJUDWHVRYHUWLPH
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,WPXVWEHHPSKDVL]HG WKDW WKHSURSRVHGDQG LQYHVWLJDWHGSROLFLHVDUHEDVHGRQ WKHIXQGDPHQWDODVVXPSWLRQ
WKDW WKH LQIUDVWUXFWXUH DQG WUDIILF FKDUDFWHULVWLFV DUH VXFK WKDW WKH DOWHUQDWLYH URXWH LV FRPSHWLWLYH LH WLPH
VKRUWHURQO\DIWHUWKHRIIUDPSTXHXHVSLOOVEDFNWRWKHPDLQVWUHDPWKXVWKHSURSRVHGSROLFLHVDFWXDOO\GLYHUWWKH
YHKLFOHV WR WLPH ORQJHU URXWHVZKHQQHHGHG'LIIHUHQW DSSURDFKHVPD\EHQHFHVVDU\ LQGLIIHUHQW LQIUDVWUXFWXUH
DQGWUDIILFVFHQDULRVZKHUHWKHDOWHUQDWLYHURXWHEHFRPHVFRPSHWLWLYHEHIRUHWKHRIIUDPSTXHXHKDVVSUHDGRQWR
WKHPRWRUZD\PDLQVWUHDPLHWKHXVHURSWLPDOFRQGLWLRQVPD\EHDFKLHYHGZLWKRXWWKHIRUPDWLRQRIPDLQVWUHDP
FRQJHVWLRQ6XFKFDVHVDUHDGGUHVVHGLQDFRPSDQLRQSDSHU6SLOLRSRXORXHWDO
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